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When the epidermis is examined with routine
methods of staining and fixation, clear cells are
found in every layer. While the clear cells of the
basal layer are found to be dopa positive (1, 2,
3), those in higher levels are not, under normal
conditions. In an effort to clarify the role of
these high level clear cells, a study of them under
experimental conditions was performed.
Billingham and Medawar (4) after extensive
studies concluded that the high level clear cells
were identical with the aureophilic cells of
Langerhans and were effete forms of the junc-
tional clear cells or melanocytes. They supported
the view of Masson (1) that the Langerhans'
cells are worn out melanocytes in the process of
exfoliation. The opinion that the Langerhans'
cells were part of a superficial nerve supply to the
skin was not supported (5, 6).
In order to provide further evidence for or
against these opinions about the function of high
level clear cells, it was decided to study both the
aureophilic Langerhans' cells and the dopa posi-
tive melanocytes under conditions which are
known to stimulate the latter (7). It was pre-
sumed that if the normal relationships of these
cells to the rest of the epidermis and to each
other could be demonstrated to change under
conditions which have been found to change one
of them, that this would then support Masson's
view that these two types of cells were actually
examples of one cell type in different physiolog-
ical stages.
The ear of a special strain of white guinea pig
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was used for the study. This strain is known to
develop acromelanosis in response to various
stimuli. To stimulate pigment formation in the
ears of these animals they were exposed to ultra-
violet irradiation for five minutes at a distance
of 70 centimeters. Similar animals were exposed
to Roentgen rays, a single dose of 200R, halt
value layer 1 mm. aluminum. In a third group
of animals, the ears were painted on the dorsal
surface with a thin coat of thorium X, 150 micro-
curies per cubic centimeter, in propyl alcohol.
Specimens of ear were removed and examined at
two, seven and fourteen days after stimulation.
Adjacent specimens of each ear were treated with
dopa, and with gold chloride using Ferreira-
Marques' and Carey's technic (6 and 8). Similar
specimens were fixed and stained with silver and
with hematoxylin and eosin. Epidermal sheets
were prepared (9, 10) from other ears as a control
and were treated with dopa, and with gold
chloride using Carey's technic (8).
In normal or control ears, melanocytes were
found at the junction of the epidermis and co-
rium. They were dopa positive, but not strongly
so. The cells of Langerhans, as demonstrated in
the gold chloride sections, were present in the
more superficial layers of the epidermis. The
more superficial ones had a more shrunken
appearance. In epidermal sheets the numbers of
the junctional melanocytes and of the high
level cells of Langerhans were approximately
the same, so that they were in a 1 to 1 ratio to
each other.
The melanocytes and the high level aureo-
philic cells were found to be similar in distribu-
tion also, both being present in somewhat greater
numbers and more active in the case of the mel-
anocytes near the tip of the ear than near the
head. This is similar to the distribution and
activity of melanocytes in agouti mice (11). On
cross section both types of cells appeared grouped
near openings of hair follicles, however, little
of this tendency was observed on the epidermal
sheet preparations. This difference may be
caused by the difficulty which reagents have
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FIG. 1. A. Melanocytes in unstimulated guinea pig ear. Dopa, 370 X; B. Langerhans' cells in un-
stimulated guinea pig ear. Gold, 370 X.
penetrating cross sections during the staining
procedure.
When freshly separated epidermal sheets were
stained with methylene blue, junctional dendritic
cells were seen as well as dcndritic cells in the
superficial layers. These cells in the upper layers
seemed to correspond to those impregaated with
gold chloride. It was interesting to observe that
in the unfixed gold stained preparations, the
dcndritic cells had an intact finely granular cyto-
plasm. As soon as these same preparations were
fixed in the usual manner, the cytoplasm of these
aurcophilic cells shrank and the cells assumed a
characteristic vacuolated clear appearance with
a fibrillar cytoplasm. The fibrillar structure
described by Ferreira-Marques (5) was observed
only after the cells had been altered by fixation.
This suggests a greater susceptibility to destruc-
tion by these cells as compared to other epidcrmal
cells (12, 13, 14). (Fig. 3.)
After mild stimulation with ultraviolet rays,
Roentgen rays and Thorium X, increase in
I
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Fm. 2. A. High level melanocytes in stimulated guinea pig ear. Dopa, 370 X; B. Absence of Langer-
hans' cells in stimulated guinea pig ear. Gold, 370 X.
pigmentation in the gross specimen was not
pronounced. Microscopically the number of
melanin granules had increased and the dopa
reaction was more strongly positive. The melano-
cytes were found to become larger and extend
their dendrites. This was not as pronounced in
the case of Roentgen ray stimulation as with
other methods; however, it was noted that the
stimulation produced some response in all in-
stances. Pigmented and dopa positive cells were
seen in the superficial layers of the epidermis,
similar to those demonstrated by Starieco in
human skin after thorium X stimulation (7).
In contrast, it was found that after mild stimu-
lation, aureophilic cells were difficult to demon-
strate in any layer of the epidermis. Some high
level branched cells took the gold stain weakly.
In those adjacent specimens where the melano-
cytes showed little or no response to the stimu-
lation there were an almost normal number of
aureophilic high level branched cells which took
the gold stain fairly well. In those ears in which
the active melanoeytes were found in the upper
layers of the epidermis, no aureophilic high
level branched cells could be demonstrated. There
appeared to be a reciprocal relationship in regards
to the number of cells and degree of affinity for
sDecifie stains between the high level melanocytes
and the high level cells of Langerhans. When one
was present the other was not, and degrees be-
tween these states were observed. When the
melanocytes appeared only slightly stimulated,
the branched cells in the superficial layers were
only mildly aureophilic.
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inactive or worn out it is found in more superficial
layers of the epidermis and becomes aureophilie.
Under conditions of stimulation, however, the
melanoeyte remains physiologically active even
during exfoliation, and is not demonstrable using
gold chloride technies. The degree of affinity
for gold is inversely proportional to the physio-
logic activity of the melanoeyte. This is essen-
tially an extension of the opinion Masson ex-
pressed in 1948 (1).
5UMMARY
A study of the melanocytes and the cells of
Langerhans in the epidermis under normal and
stimulatory conditions was performed on the ears
of acromelanotie guinea pigs.
The number of Langerhans' cells and their
affinity for gold was found to decrease under
conditions which stimulated melanoeytes.
The hypothesis that cells of Langerhans are
effete melanoeytes is supported.
FIG. 3. D. Langerhans cells before fixation. Epi-
dermal sheet preparation. Gold, 960 X ; E. Langer-
hans' cells after fixation. Epidermal sheet prepa-
ration. Gold, 960 X.
DISCUSSION
Findings as to number, location and appear-
ance of both basal layer and high level clear cells
by previous workers (4) were confirmed. The
former were dendritie, dopa positive, tyrosine
positive, and quinone-imine dye positive. The
latter were dendritie, gold chloride positive, and
quinone-imine dye positive. The clear appear-
ance of both of these cells was found to be due to
fixation and dehydration, and corresponds to the
findings after freezing and heat (13, 14).
The observation that the number of aureo-
philie high level branched cells and the degree of
affinity for gold decreases with stimulation of
pigment formation and therefore with an increase
in the activity of the melanoeytes, lends support
to the view that the Langerhans' cells are effete
forms of the melanoeyte. This observation leads
to a hypothesis that, under normal conditions,
the melanoeyte spends its physiologically active
life at the basal layer of the epidermis and perhaps
in layers next to this. At such times as it becomes
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DISCUSSION
DR. THOMAS B. FITZPATRICK (Portland,
Oregon): The mechanism involved in melanin
excretion has been a perplexing problem. This
presentation has pointed up at least two possi-
bilities: In the normal melanocyte at the dermal-
epidermal junction the melanin granules move
along the dendrites, become metabolically inac-
tive and are cast into the upper part of the
prickle-cell layer, possibly at the level of the
stratum granulosum. On the other hand, when
the skin is exposed to ultraviolet radiant energy,
the melanocyte moves centrifugally toward the
stratum corneum and the melanin granules in it
remain metabolically active even in the stratum
corneum. A parallel situation to the latter exists
in the malignant melanoma and some active
junctional melanocytic nevi. We have been able
to detect with radioautographic technics tyrosin-
ase-containing melanocytes in the stratum
corneum. We cannot assume, therefore, that the
biochemical milieu in the stratum corneum is
unfavorable to melanogenesis.
On the basis of our own recent radioauto-
graphic and manometric experiments and the
electron micrographs of Birbeck, we are beginning
to formulate the idea that the melanin granule
undergoes what might be spoken of as a life cycle.
Arising around the endoplasmic reticulum as a
pigmentless spherical body, the melanin granule
gradually becomes melanized in the form of
lamellae. During the process of melanization, the
granule apparently becomes metabolically inac-
tive by a process similar to "tanning" (in the
chemical not cosmetic sense). Thus, we have
repeatedly observed an inverse relationship be-
tween the degree of melanization and the tyrosin-
ase and succinic dehydrogenase activity of the
granule.
One would expect to find in the upper part of
the epidermis fully-melanized granules, enzymi-
cally inactive as Fan, Schoenfeld and Hunter
have observed in their study presented today. Per
contra, newly-formed melanin granules contained
within a melanocyte displaced to the stratum
corneum (as following ultraviolet exposure)
would contain tyrosinase.
This hypothesis which describes a reciprocal
relationship of the degree of melanization and the
tyrosinase activity requires further study before
it can be accepted as a basic concept. It appears
entirely plausible.
DR. STEPHEN ROTHMAN (Chicago, Ill): Histor-
ically, it may be interesting to mention that the
late Bruno Bloch energetically denied that the
Langerhans' cells might have anything to do with
pigment formation, these cells being dopa-nega-
tive. Fan and Schoenfeld have now given a well
documented explanation for this paradoxical
phenomenon, and I am sure Dr. Bloch would
agree with them.
DR. S. WILLIAM BECKER, SR. (Long Beach,
California): Studies on melanocytes are always
interesting. Identification of cells in epidermis
treated by silver impregnation is not always
easy. Becker, Jr. found that Langerhans cells
are melanocytes in the basal layer. Masson
maintained that some cells in the more su-
perficial layers surrounded by a clear space are
inactive melanocytes. I have never been quite
convinced of the validity of this concept. Mel-
anocytes do work their way to the surface fre-
quently in melanoma, where they give a positive
tyrosine reaction, less frequently in active pig-
mented nevus of childhood, and rarely in pig-
mented nevus in the adult. Interpretation of
cell-like bodies in skin treated by silver im-
pregnation must be made cautiously.
DR. HERMANN PINKUS (Monroe, Michigan):
Since I'm not a co-author of this paper, I hope
I'm permitted to discuss it.
This study grew out of a desire to clarify by
experimental means the great confusion that
exists concerning the nature of the "high level
branched cells" which usually are identified with
Langerhans' cells. As various methods have been
used with conflicting results it was decided to use
all the methods on the same material and thus
try to come to some more definite conclusions.
Billingham and Medawar in supporting Masson's
theory of the high level branched cells being
effete melanocytes used an indirect approach and
mostly based their conclusions on identity in
numbers and on the fact that all these elements
can be stained supravitally with methylene blue
or similar dyes.
But since methylene blue also stains nervous
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elements, this fact would only support the theory
that Langerhans' cells and melanocytes are of
neural origin. I agree with Dr. Fitzpatrick that
ordinary gold methods are unreliable. Dr. Fan
and his co-workers used yet another method
which was developed by Ferreira-Marques. This
method gives more reliably positive results al-
though its specificity is questioned. By using all
these methods on the same material and in the
same laboratory we hope that fairly conclusive
results have been obtained.
One fact, which Dr. Fan demonstrated nicely,
deserves emphasis. The shrunken appearance of
the high level branched cells apparently is due to
fixation. When he used gold impregnation on
fresh material and did not dehydrate the speci-
mens before photographing them, there was no
shrinkage and the cell bodies filled the ordinarily
seen clear space completely.
DR. ROBERT J. SCHOENFELD (in closing): I
would like to thank all the discussors for their
kind comments.
Dr. Fitzpatrick pointed out the gold stain is
not a particular easy one and Dr. Pinkus said
this variation is fairly reliable. The difficulty
is that we have to be absolutely sure the tissue is
fresh. If it is more than half an hour off the body,
the stain just tears it apart completely and you
don't see anything.
In reply to Dr. Becker, it is very difficult to
show on the projection screen what one sees
through the microscope, because the color differ-
ences are very slight and the camera doesn't
reproduce quite as well as one would like it to.
